The use of dilutions differing by small arithmetic increments was studied as a means for improving the definition and measurement of minimum inhibitory concentrations and precision parameters for testing Pseudomonas aeruginosa versus the aminoglycosides by the broth microdilution test. For five strains of P. aeruginosa versus gentamicin, tobramycin, and amikacin, comparisons were made of minimum inhibitory concentrations which were replicated in parallel by using three microdilution systems: small increment panels prepared by us, modified twofold dilution panels prepared by us, and similar modified twofold dilution panels obtained commercially. The small increment dilutions were prepared to differ by concentrations of 1.0 ,ug/ml for gentamicin and tobramycin and by 2.0 p.g/ml for amikacin. Use of the small increment dilutions resulted in the ability to measure minimum inhibitory concentrations at more closely spaced intervals than those dictated by modified twofold dilution schemes, and confidence limits were significantly improved. The average coefficient of variation for the small increment microdilution test results was 9.5%, with 99.5% of minimum inhibitory concentrations falling within +2 small increment dilutions from their modal values.
The availability of broth microdilution panels from commercial sources in conjunction with the uncertainties about the usefulness of proposed inhibition zone diameter breakpoint schemes for the standardized disk agar diffusion test (3, 4, 6, 7, 10, 11, 12) have prompted many clinical microbiology laboratories to use microdilution panels for testing Pseudomonas aeruginosa versus the aminoglycosides. Currently available microdilution panels generally use either twofold dilution schemes or, as recently proposed (1, 2), modified twofold dilution schemes which utilize one or more intermediate dilution steps. The relatively large and exponentially related increments of such schemes do not permit a more refined and exact measurement of minimum inhibitory concentrations (MICs) and test precision parameters as are required for testing microorganism-antimicrobial agent combinations exhibiting low toxic to therapeutic ratios, such as P. aeruginosa versus the aminoglycosides. Because of this problem, the present study was designed to investigate the use of dilutions differing by small arithmetic increments as a possible means for refining the measurement of MICs and improving the definition and magnitude of test precision parameters.
MATERIALS AND METHODS
Experimental design. Three broth microdilution systems were used in parallel to determine 100 MIC measurements by each microdilution system on each of five P. aeruginosa stock strains versus gentamicin, tobramycin, and amikacin. The three microdilution systems consisted of one obtained commercially which used a modified twofold dilution scheme, one prepared by us with a similar modified twofold dilution scheme, and one prepared by us with dilutions which differed by small arithmetic increments. The microdilution panels for each set of three tests performed in parallel were inoculated by appropriate suspensions prepared from a common broth growth source which was individually prepared for each set of three tests.
All parallel tests were inoculated and interpreted at approximately the same time. Single lots of reagents and media were used throughout the investigation. On completion of the experimental work, 100 triplicate MIC data sets were thus available for each P. aeruginosa strain-antimicrobial agent combination and were analyzed by conventional statistical methods.
P. aeruginosa strains. Tables 1 through 3 summarize the MIC results for the parallel tests performed by the three microdilution systems. Although the MMS and MIC-2000 systems used the same modified twofold dilution scheme, a considerably wider dispersion was noted for the MMS MICs. In this regard, from the combined MIC data from Tables 1 through 3, the percentages of MICs which were modal, +1 modified twofold dilution step from the modal value, ±2 steps, and ±3 steps were 68.4, 30.0, 1.4, and 0.2%, respectively, for the MMS system, and 90.5, 9.1, 0.4, and 0%, respectively, for the MIC-2000 panels. In contrast, 99.5% of the MICs determined by the small increment microdilution test were within ±2 arithmetic increments from their modal values. Table 4 
